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Abstract 
Research in the classification of rock quality formations has been carried out by many previous researchers 
with various methods using core sample data. However, from this research there are still many uncertainties that 
are found due to the difficulty of the data observed. The study uses the critical porosity for grouping the rock 
quality. The study obtained evidence on the surface conditions of critical porosity values obtained by the Nur 
method, et al. Using data P and S wave velocity data on measuring core samples surface pressure conditions that 
produce different rock quality based on different criticcal porosity ranges. Rock type formed based on the critical 
porosity has a relation to the pore geometry and pore structure that forms the linkages of each rock type. The 
similarity of the formation of rock types resulting from the value of critical porosity on rock types using the 
Wibowo and Permadi methods. In this study ten rock types were obtained. With the formation of rock quality 
groups that are different from the critical porosity values, further research is needed to find out whether the 
acoustic log in the data log that has P wave propagation speed can be used to determine the critical porosity value 
and determine the rock quality classification. 
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Sari 
Penelitian dalam pengelompokan kualitas batuan formasi telah banyak dilakukan oleh para peneliti 
terdahulu dengan berbagai macam metode menggunakan data sampel core. Akan tetapi dari penelitian tersebut 
masih banyak ketidakpastian yang dihasilkan dikarenakan sulitnya data yang diamati. Penelitian menggunakan 
porositas kritis untuk pengelompokan kualitas batuan. Dengan dilakukannya penelitian ini penulis memperoleh 
bukti pada kondisi permukaan nilai porositas kritis yang diperoleh dengan metode Nur, dkk. Menggunakan data 
kecepatan rambat gelombang P dan S pada pengukuran sampel core kondisi tekanan permukaan yang 
menghasilkan kualitas batuan berbeda berdasarkan rentang porositas yang berbeda. Rock type yang terbentuk 
berdasarkan porositas kritis tersebut memiliki keterkaitan terhadap geometri pori dan struktur pori yang 
membentuk keterkaitan dari masing – masing rock type. Kesamaan pembentukan rock type yang dihasilkan dari 
nilai porositas kritis terhadap rock type yang menggunakan metode Wibowo dan Permadi. Dalam penelitian ini 
diperoleh sepuluh rock type. Dengan dapat terbentuknya kelompok kualitas batuan yang berbeda dari nilai 
porositas kritis tersebut maka dibutuhkan penelitian lebih lanjut untuk mengetahui apakah log akustik pada 
data log yang memiliki kecepatan rambat gelombang P dapat digunakan dalam menentukan nilai porositas 
kritis dan menentukan pengelompokan kualitas batuan. 
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I. INTRODUCTION 
The grouping of rock quality formations has been 
performed using various methods that have been 
studied by previous researchers. Amafule (1993) 
perform rock types based on approach the hydraulic 
flow unit (HFU) rock, where each HFU has a certain 
flow zone indicator (FZI) closeness [1]. Other 
researchers who conducted research on rock type 
classification were Guo, G. et al. (2005) who 
perform rock type based on geological conditions 
when the rocks were deposited [2], then Wibowo and 
Permadi (2013) perform rock type by carrying out 
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pore geometry and pore structure approaches, and 
there were still many other researchers conducting 
rock types with different methods [10]. 
Rock type research from previous researchers has 
uncertainty in determining rock types especially in 
rock type at depths that do not have core data. The 
need of a simple method to correlate rock types at 
the depths of wells that do not have core data. 
However, the depth of the well which does not have 
core data should have log data such as an acoustic 
log that has a value of the P wave propagation speed 
(Vp). The Vp value can be used in determining the 
critical porosity value which can be utilized as a tool 
in grouping of the rock quality for rock group that 
has pore geometry character and the same pore 
structure will have different critical porosity values 
[5]. 
 Rock types through a critical porosity approach 
are defined. Based on pore geometry and pore 
structure, there are ten rock types in this study. 
 
II. METHOD  
Critical porosity is the limit of the maximum 
porosity value of the porous rock which is 
consolidated with suspension [5]. 
In this study there are several data used in 
estimating critical porosity values for grouping rock 
quality from rock samples obtained from the Kutai 
Basin, the data used are core data analysis routines 
and special core analysis data, the tools used in 
conducting this research are a set of computers that 
have equipped with petrel software. 
The method used in conducting this research is 
Wibowo and Permadi method in analyzing pore 
geometry and pore structure of each core rock 
sample data using the following formula [8]: 
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With (k/ϕ)0.5 as the pore geometry and k/ϕ3 as the 
pore structure. Whereas to estimate the critical 
porosity value of rocks from each rock core sample 
data, Nur, et. al. (1995) method is used with the 
formula as follows [5]: 
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With B as bulk modulus (Gpa), ϕ as porosity 
(frac), ϕc as critical porosity (frac), and Bm as bulk 
modulus mineral (Gpa) 
The bulk modulus of mineral that will be used in 
this study is using the method of Hashin Shtrikman 
approach, because the minerals contained in 
sandstones consist of two dominant minerals namely 
clay and quartz. So that the Hashin Shtrikman 
approach is more suitable for determining the 
mineral bulk modulus with the following formula 
[3]: 
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With Bhs as bulk modulus of Hashin Shtrikman 
(Gpa) minerals, f1 as mineral fraction 1, and f2 are 
mineral fractions 2. 
The bulk modulus value can be obtained from 
data P wave velocity (Vp) and S wave velocity (Vs) 
obtained from core sample measurement data using a 
sonic viewer. So that from the values of Vp and Vs 
can be obtained shear modulus and bulk modulus 
values that can be determined using the rock 
elasticity method with the following formula [4]: 
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With Vs as Velocity S (m/s), µ as shear modulus 
(Gpa), and ρ as density (gr/cc). The stages in 
conducting this research can be seen in the flow 
diagram of Figure 1. 
 
 
 
Figure 1. Flow Chart of Research 
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III. RESULTS AND DISCUSSION 
With core sample data used and calculated using 
Equation 1 and pore geometry and pore structure 
approach as the basis of reference in determining 
rock types in building rock types based on the value 
of the next critical porosity. result the pore geometry 
approach to the pore structure that can be seen in 
Figure 2. 
 
 
 
Figure 2. Relationship of Pore Geometry vs. Pore Structure 
for Each Rock Type 
 
In Figure 2 it can be seen that the pore structure 
and pore geometry have interrelated relationships. 
The greater the pore geometry value, the greater the 
pore structure value of the rock. However, in the 
Wibowo and Permadi methods the determination of 
rock type is based on the empirical formula produced 
from the experiment to produce rock type lines 
which can be seen in Figure 2. 
The next step is to determine the bulk modulus of 
Shtrikman Hashin minerals which requires a mineral 
fraction between clay minerals and quartz. 
Determination of this mineral fraction was carried 
out using XRD data from several rock samples and a 
plot of volume clay (Vcl) was made against the 
porosity values as shown in Figure 3 as follows: 
 
 
 
Figure 3. Porosity vs Vcl relationship 
 
In Figure 2 shows an empirical formula from the 
graph of porosity relationships with Vcl to determine 
the value of Vcl in each core sample data which does 
not have a Vcl value from the XRD test. 
By obtaining a Vcl value in each core sample, the 
Bh value can be determined. By obtaining a Bhs 
value in each core sample the estimated critical 
porosity can be done using equation 2 by changing 
Bm to Bhs also the value of B can be obtained first 
using equation 5. The estimated critical porosity 
values that have been done are then used as the 
formation of rock types that are associated with pore 
geometry and pore structure so that it can be seen in 
Figure 4. As follows: 
 
 
 
Figure 4.  Relationship between Pore Geometry and Pore 
Structure and ϕc for Each Rock Type. 
 
In Figure 4 it can be seen that each pore geometry 
value and interrelated pore structure have the same 
critical porosity value. However, the difference in the 
value of critical porosity in each relation of geometry 
and different pore structures to form a grouping of 
certain rock qualities. From the determination of 
rock type through the relationship of critical porosity 
to the pore geometry and the pore structure that has 
been carried out in this study, the critical porosity 
limits of each rock type can be determined as shown 
in Table 1. 
 
Table 1. Distribution of rock types throughout Data Core 
 
  c Rock Type 
>0.263 1 
0.215-0.265 2 
0.183-0.215 3 
0.153-0.183 4 
0.134-0.153 5 
0.120-0.134 6 
0.101-0.120 7 
0.085-0.101 8 
0.073-0.085 9 
<0.073 10 
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The results of rock type from critical porosity 
values have the same amount as the number of skirt 
types formed by the Wibowo and Permadi methods. 
The form of rock type characters that are formed 
from the relationship of critical porosity values to the 
pore geometry and pore structure also have similar 
character forms produced by the methods of Wibowo 
and Permadi. 
The determination of rock type through the 
relationship of critical porosity to the pore geometry 
and pore structure can be used as a reference for the 
determination of rock type. 
However, to determine the rock type using log 
data, further research is needed because it is still 
necessary to study the differences in the conditions 
for measuring subsurface conditions and on 
conditions on the surface. 
 
IV. CONCLUSIONS 
Based on the research that has been done, the 
conclusions are as follows: 
1. Estimated value of critical porosity can be used 
as a reference for rock type from the relationship 
of critical porosity values to the pore geometry 
and pore structure at surface condition. 
2. The classification of rock quality is easy and has 
a small uncertainty from the relationship of 
critical porosity to the pore geometry and pore 
structure at surface condition.  
3. Ten rock types are obtained from the limitation of 
critical porosity values that are different from 
each rock type. 
4. The similarity of rock type characters obtained 
from critical porosity values against critical 
porosity results from the methods of Wibowo and 
Permadi. 
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Sample Depth Vcl
Number m Calcu
frac mD frac frac gr/cc µs/ft µs/ft Gpa m/s m/s Gpa Gpa frac
D-102 1 3597.083 0.11 0.44 0.10 0.90 2.34 14.50 23.10 32.541 349.29 2.02 2275.86 1428.57 4.77 5.75 0.132
D-102 3 3597.693 0.09 0.44 0.11 0.89 2.36 16.97 21.70 32.143 529.75 2.16 2988.24 2336.44 12.86 3.89 0.107
D-102 4 3597.998 0.14 1.20 0.08 0.92 2.23 19.03 22.97 31.710 415.58 2.90 2101.59 1741.66 6.76 0.83 0.146
D-102 7 3598.913 0.12 0.80 0.09 0.91 2.32 18.23 22.70 32.022 451.58 2.57 2248.69 1806.17 7.57 1.64 0.128
D-102 8 3599.218 0.10 0.46 0.10 0.90 2.35 17.13 21.23 31.591 420.97 2.11 2334.65 1883.84 8.34 1.69 0.109
D-102 9 3599.524 0.12 0.80 0.09 0.91 2.32 20.70 24.60 31.974 474.73 2.59 2173.91 1829.27 7.75 0.61 0.121
D-102 12 3600.439 0.12 3.50 0.09 0.91 2.32 12.20 16.47 31.376 2076.96 5.42 2950.82 2186.25 11.07 5.41 0.143
D-102 13 3600.744 0.13 0.74 0.09 0.91 2.29 9.40 13.73 31.974 369.93 2.42 2462.69 1685.65 6.51 5.21 0.150
D-107 1 3047.44 0.13 1.90 0.09 0.91 2.30 19.30 27.20 33.137 800.36 3.77 2176.17 1544.12 5.48 3.57 0.150
D-107 2 3047.745 0.14 1.50 0.08 0.92 2.26 18.70 22.50 33.345 512.96 3.24 2032.09 1688.89 6.45 0.74 0.146
D-107 3 3048.05 0.04 0.03 0.13 0.87 2.67 7.40 11.07 31.322 451.60 0.86 3513.51 2349.44 14.72 13.30 0.073
D-107 4 3048.355 0.11 0.67 0.10 0.90 2.36 9.90 15.43 32.753 462.74 2.43 2424.24 1555.09 5.70 6.26 0.141
D-107 5 3048.66 0.11 0.51 0.10 0.90 2.34 14.40 20.60 33.223 360.78 2.13 2291.67 1601.94 6.01 4.29 0.130
D-107 6 3048.965 0.15 2.90 0.08 0.92 2.25 15.30 20.40 34.090 916.68 4.44 2287.58 1715.69 6.63 2.95 0.161
D-107 7 3049.27 0.14 7.90 0.08 0.92 2.26 14.00 17.47 34.510 2596.70 7.38 2428.57 1946.58 8.55 1.91 0.154
D-107 8 3049.575 0.18 25.00 0.07 0.93 2.20 16.03 21.50 31.833 4462.84 11.86 2307.71 1720.93 6.50 3.02 0.195
D-107 9 3049.88 0.22 113.00 0.05 0.95 2.07 17.80 22.20 32.322 11314.72 22.91 1966.29 1576.58 5.15 1.14 0.223
D-107 10 3050.185 0.22 135.00 0.05 0.95 2.06 17.43 22.20 32.556 12422.60 24.69 2007.66 1576.83 5.11 1.47 0.231
D-107 11 3050.49 0.17 28.00 0.07 0.93 2.18 17.90 21.80 31.812 5709.23 12.84 2067.04 1697.25 6.29 0.94 0.175
D-107 22 3053.845 0.17 10.00 0.07 0.93 2.21 11.60 16.60 33.216 2135.56 7.73 2228.92 1557.56 5.35 3.83 0.189
D-107 23 3054.15 0.13 1.80 0.09 0.91 2.30 13.00 16.40 31.967 872.54 3.76 2125.00 1684.45 6.54 1.69 0.134
D-107 24 3054.455 0.15 10.00 0.08 0.92 2.22 11.20 15.40 33.152 2711.53 8.05 2323.94 1690.14 6.33 3.53 0.173
D-107 25 3054.76 0.16 12.00 0.07 0.93 2.22 14.90 19.20 32.174 2891.57 8.64 2550.34 1979.17 8.68 2.84 0.176
D-107 26 3055.065 0.17 71.00 0.07 0.93 2.19 15.07 19.97 32.648 15326.80 20.64 2522.22 1903.18 7.94 3.36 0.185
D-107 27 3055.37 0.18 35.00 0.07 0.93 2.17 15.80 21.00 32.602 6519.43 14.14 2151.90 1619.05 5.69 2.46 0.189
Vquartz DTp Dry DTs Dry Vp Dry Vs Dry µdry Bdry Øc dry
Well
Ø k K/Ø3ρ dry (K/Ø)0.5Bhs
Table 2. The ϕc-dry Determination from Data Core 
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Sample Depth Vcl
Number m Calcu
frac mD frac frac gr/cc µs/ft µs/ft Gpa m/s m/s Gpa Gpa frac
D-107 28 3055.675 0.20 87.00 0.05 0.95 2.08 16.20 21.40 30.123 10113.31 20.61 2160.49 1635.51 5.57 2.29 0.220
D-107 29 3056.225 0.12 6.40 0.09 0.91 2.35 11.50 18.52 32.071 3826.73 7.34 3043.48 1890.36 8.41 10.58 0.177
D-107 30 3207.453 0.12 1.90 0.09 0.91 2.32 12.20 17.10 32.507 1021.03 3.93 2484.08 1772.27 7.30 4.61 0.144
D-107 31 3207.575 0.14 3.90 0.08 0.92 2.28 16.00 23.90 33.332 1391.26 5.26 2500.00 1673.64 6.40 5.75 0.171
D-107 32 3207.88 0.17 46.00 0.07 0.93 2.18 17.60 21.40 33.407 8642.22 16.23 2272.73 1869.16 7.61 1.10 0.181
D-107 33 3208.185 0.14 2.60 0.09 0.91 2.29 15.10 21.20 32.414 1006.73 4.35 2516.56 1792.45 7.35 4.69 0.160
D-107 34 3208.49 0.13 1.30 0.09 0.91 2.31 13.50 18.50 32.329 543.94 3.12 2209.30 1612.19 6.01 3.27 0.149
D-107 36 3209.1 0.14 2.20 0.09 0.91 2.30 12.70 18.50 32.397 865.02 4.01 2250.00 1544.59 5.48 4.32 0.158
D-107 37 3209.405 0.15 13.00 0.08 0.92 2.25 15.40 20.20 32.837 3768.34 9.28 2662.34 2029.70 9.27 3.59 0.170
D-107 39 3210.015 0.17 35.00 0.07 0.93 2.20 17.90 23.20 34.354 7098.87 14.34 2234.64 1724.14 6.54 2.27 0.183
D-107 40 3210.32 0.15 12.00 0.08 0.92 2.25 17.60 21.80 32.989 3520.24 8.93 2386.36 1926.61 8.36 1.68 0.159
D-107 42 3210.93 0.05 0.42 0.13 0.87 2.51 11.90 17.90 31.498 2919.14 2.83 3486.24 2317.67 13.49 12.53 0.089
D-107 43 3211.235 0.07 0.17 0.12 0.88 2.49 8.90 12.40 31.574 604.96 1.61 2921.35 2096.77 10.93 6.64 0.084
D-107 45 3211.906 0.11 1.30 0.10 0.90 2.37 7.80 11.60 32.739 984.74 3.44 2820.51 1896.55 8.52 7.48 0.144
D-107 46 3212.272 0.10 0.52 0.10 0.90 2.38 14.20 17.50 31.696 566.25 2.31 2676.06 2171.43 11.24 2.08 0.104
D-107 49 3213.218 0.11 1.40 0.10 0.90 2.37 8.30 13.10 30.399 1130.10 3.61 2771.08 1755.73 7.29 8.44 0.146
D-107 50 3213.37 0.09 0.28 0.11 0.89 2.40 13.10 15.70 31.391 330.74 1.72 2539.68 2119.10 10.77 1.11 0.098
D-107 51 3213.675 0.11 1.30 0.10 0.90 2.37 15.00 20.00 30.705 1006.61 3.46 2666.67 2000.00 9.48 4.21 0.126
D-107 52 3213.98 0.10 1.90 0.10 0.90 2.41 7.50 10.80 31.751 1952.24 4.38 3066.67 2129.63 10.95 8.11 0.133
D-107 53 3214.285 0.10 0.59 0.10 0.90 2.38 14.30 20.40 31.452 551.09 2.40 2447.55 1715.69 7.00 4.91 0.121
D-107 54 3214.59 0.09 0.60 0.11 0.89 2.40 7.60 11.80 31.732 778.11 2.56 3026.32 1949.15 9.11 9.81 0.134
D-109 1 2430.083 0.04 0.03 0.13 0.87 2.78 5.63 8.12 30.506 468.75 0.87 3550.54 2463.05 16.89 12.58 0.069
D-109 2 2430.388 0.11 4.70 0.10 0.90 2.35 23.23 30.50 34.727 3946.21 6.66 2954.24 2250.35 11.91 4.64 0.124
D-109 14 2889.745 0.16 37.00 0.07 0.93 2.25 18.80 23.40 32.947 9204.72 15.25 2287.23 1837.61 7.58 1.64 0.167
D-109 15 2890.05 0.20 316.00 0.06 0.94 2.13 12.93 16.10 30.112 38913.38 39.65 2242.39 1801.24 6.92 1.50 0.210
Vquartz DTp Dry DTs Dry Vp Dry Vs Dry µdry Bdry Øc dry
Well
Ø k K/Ø3ρ dry (K/Ø)0.5Bhs
Table 2. The ϕc-dry Determination from Data Core (continued) 
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Sample Depth Vcl
Number m Calcu
frac mD frac frac gr/cc µs/ft µs/ft Gpa m/s m/s Gpa Gpa frac
J-95 20 3167.922 0.20 120.00 0.05 0.95 2.08 20.30 29.70 34.017 14134.84 24.25 2068.97 1414.14 4.15 3.35 0.242
J-95 21 3168.227 0.15 110.00 0.08 0.92 2.45 13.40 20.60 34.625 35345.50 27.45 3208.96 2087.38 10.68 11.00 0.226
J-95 22 3168.532 0.25 560.00 0.03 0.97 1.96 17.50 27.50 32.947 36714.11 47.52 1680.00 1069.09 2.24 2.55 0.220
J-95 23 3168.837 0.25 1446.00 0.03 0.97 1.97 25.20 36.80 32.972 93663.47 76.21 1626.98 1114.13 2.44 1.95 0.267
J-95 24 3169.142 0.26 1348.00 0.03 0.97 1.95 13.20 22.20 34.599 76695.49 72.00 1880.00 1117.84 2.43 3.64 0.264
J-95 25 3169.447 0.20 324.00 0.05 0.95 2.10 15.40 23.20 33.816 39308.90 40.05 2272.73 1508.62 4.78 4.47 0.290
J-95 26 3169.752 0.19 284.00 0.06 0.94 2.11 22.70 32.80 35.009 38896.74 38.26 2102.00 1454.74 4.47 3.37 0.233
J-95 27 3170.057 0.24 856.00 0.04 0.96 1.97 18.90 29.90 34.650 61153.69 59.60 2116.40 1337.79 3.52 4.11 0.215
J-95 28 3170.362 0.25 1704.00 0.03 0.97 1.97 17.50 27.70 33.716 111715.79 82.89 1942.86 1227.44 2.97 3.48 0.273
J-95 29 3170.667 0.28 4162.00 0.02 0.98 1.90 25.10 38.20 33.219 195822.58 122.58 1713.15 1125.65 2.41 2.37 0.275
J-95 30 3170.972 0.26 3008.00 0.03 0.97 1.95 29.60 40.10 34.295 177206.02 108.19 1780.00 1313.92 3.37 1.69 0.297
J-95 31 3171.278 0.24 4126.00 0.04 0.96 2.01 17.80 25.40 33.766 317925.70 132.50 1853.93 1299.21 3.40 2.39 0.270
J-95 32 3171.583 0.27 4504.00 0.02 0.98 1.93 23.00 32.70 34.320 236627.16 129.88 1869.57 1314.98 3.33 2.29 0.252
J-95 33 3171.888 0.22 388.00 0.05 0.95 2.05 24.00 37.70 35.189 36940.21 42.09 2199.00 1399.89 4.01 4.55 0.285
J-95 34 3172.193 0.26 3267.00 0.03 0.97 1.96 15.30 24.00 33.467 192464.11 112.75 2091.50 1333.33 3.49 3.93 0.252
J-95 35 3172.498 0.27 2393.00 0.02 0.98 1.88 24.50 38.80 34.804 117612.85 93.62 1714.29 1082.47 2.21 2.59 0.289
J-95 36 3172.803 0.23 431.00 0.04 0.96 2.03 20.90 30.60 35.944 37338.08 43.67 2199.00 1501.93 4.57 3.71 0.294
J-95 40 3174.023 0.25 2263.00 0.03 0.97 1.91 20.10 31.00 34.244 144832.00 95.14 1840.80 1193.55 2.72 2.85 0.253
J-95 46 3175.853 0.14 1.30 0.09 0.91 2.30 13.10 18.50 32.361 528.37 3.10 2442.75 1729.73 6.88 4.55 0.272
J-95 47 3176.158 0.13 0.78 0.09 0.91 2.29 24.70 36.80 32.215 363.35 2.46 1983.81 1331.52 4.06 3.60 0.157
J-95 48v 3176.463 0.11 0.62 0.10 0.90 2.34 21.40 32.10 31.806 441.30 2.35 2289.72 1526.48 5.44 4.99 0.103
J-95 49 3176.768 0.05 0.84 0.13 0.87 2.52 9.20 13.60 30.320 7139.88 4.14 4021.74 2720.59 18.65 15.89 0.145
W-31 1 2803.12 0.20 158.00 0.06 0.94 2.11 20.90 31.50 33.916 20354.55 28.25 1961.72 1301.59 3.57 3.35 0.220
W-31 2 2803.425 0.15 45.00 0.08 0.92 2.23 18.40 26.40 34.128 13881.21 17.44 2702.00 1883.21 7.92 5.74 0.180
W-31 3v 2803.73 0.16 178.00 0.07 0.93 2.20 18.00 27.80 32.702 43457.03 33.35 2852.00 1846.62 7.50 7.89 0.149
Vquartz DTp Dry DTs Dry Vp Dry Vs Dry µdry Bdry Øc dry
Well
Ø k K/Ø3ρ dry (K/Ø)0.5Bhs
Table 2. The ϕc-dry Determination from Data Core (continued) 
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